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Follicular hyperkeratosis is an important
feature of the occupational disease known as
chloracne, which is characterized by the ap-
pearance of papules, comedones and cysts after
exposure to industrial materials containing highly
chlorinated diphenyls, highly chlorinated naph-
thalenes, and other chlorinated aromatic com-
pounds. A characteristic epithelial hyperplasia
and hyperkeratosis can be produced on the inner
surface of the rabbit ear by such compounds
(1, 2), and a difference in intensity of response
has been noted and suggested as a basis for
comparative tests (2). Experimental studies
heretofore (1—7) have been, however, directed
chiefly to the ability or the failure of various
materials to produce this effect in experimental
animals and in man, and in delineating its gross
and its histological features; these studies have
used either material of unstated origin, or else
mixtures (e.g. Halowax, 1014). We have at-
tempted to study the phenomenon of adnegen-
induced hyperkeratinization on the rabbit ear
in a quantitative fashion by recovering and
weighing the keratin formed after applying known
amounts of a single, well-characterized chemical
compound under controlled conditions. To re-
cover keratin a new technic was developed
based on the resistance of this material to diges-
tion by pepsin. As test compound we have chosen
2,3,7 ,8-tetrachlorodibenzo-p-dioxin, which has
been reported to be so potent that painting the
rabbit ear three times with a 0.05 %—0.001 %
solution was sufficient to produce the acneform
response (7). With a compound of such potency,
the expected effects could be produced without
the necessity of applying the material in an
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ointment or as a crust, circumstances which
would have made very uncertain the quantity
actually in contact with the skin.
EXPERIMENTAL
Preliminary gross and histologic observationindicated thaI 0.3 micrograms applied to the
rabbit's ear gave, by gross observation, a minimal
follicular plugging whereas 0.02 micrograms
caused no observable effect. Accordingly, 0.3
micrograms was chosen as the lowest dose; in
addition dose levels of 1.0, 3.0 and 10.0 micro-
grams were studied.
Seven mature, white, male rabbits were used for
each dose level, except in the first studied (0.3
micrograms) for which only six were used. Seven
days after wax epilationt, of the inner surface of
the ears, 1 ml. acetone solution of the compound
was applied to one ear of each of the rabbits, and
1 ml. acetone to the other. Special effort was made
to distribute the liquid uniformly over the entire
inner surface, and to aid in securing uniformity
the dose was divided into three applications, made
on successive days. The right ear was used as con-
trol for some rabbits in each group, and the left
for others. Fourteen days after the first applica-
tion. three biopsy samples, extending through
the cartilage, were taken under procaine anes-
thesia, with a 9 mm. punch. One sample was taken
from the middle, one from the posterior and one
from the anterior area of the ear, at a level about
15 mm. distal to the notch of the ear. (Fig. 1) The
discs were washed free of blood without delay.
Under a dissecting microscope at 9X magnifica-
tion, the moist samples were plucked free of any
adhering hairs and clots; and the cartilage was re-
moved with sharp 10 Bard-Parker scalpel. A
thin coating of white petrolatum was applied to
the epidermis. Each disc was floated in a 50-mm.
petri dish containing 10 ml. 0.1% pepsin (Worth-
ington Biochemicals "2X Crystallized" product)
in 0.24 N HC1 and incubated 4 hours at 37° C., at
the end of which period the keratin disc was gently
lifted out, freed of any undigested dermis by in-
verting and gently irrigating it, and resuspended
in 10 ml. 1:1 V/V ethanol:diethyl ether mixture.
A light aluminum-foil cup 9 mm. in diameter,
with perforated bottom, previously washed with
ether and weighed to 0.02 mg., was brought close
to the disc, which was then gently transferred,
with follicular projections up, with the aid of a
scalpel handle, into the cup. After four hours at
room temperature in the covered petri dish, the
t With "Improved Zip."
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Cl, 44.18%.t The melting point was 295—300° C.;
literature values for 2,3,7, 8-tetraehlorodibenzo-
p-dioxin prepared by chlorination of dibenzo-p-
dioxin: 295° C. (8), 320—325° C. (9). The infrared
spectrum showed a doublet at 1310—1322 em.1 in
the range reported for a series of dibenzo-p-dioxin
derivatives (10). The ultraviolet absorption spec-
trum of the compound in absolute ethanol had a
maximum at 233 m/.L and one at 307 mM; the re-
spective molecular extinction coefficients were
46,500 and 4,250.
RESULTS
Histological sections showed a characteristic
hyperkeratosis of the follicular epithelium and a
marked hyperplasia of the surface epidermis.
At low dose level some sebaeeous cells were
Fio. 1. Rabbit ear showing position of biopsy
specimen removal.
solvent was aspirated. A similar leaching with 10
ml. ether was made, after which the cup in the
covered petri dish was dried in vacuo overnight.
The cup and sample were weighed to the nearest
0.02 mg.
Additional biopsy samples were taken on about
half the animals and examined histologically after
routine hematoxylin and eosin staining.
The following method was found convenient for
preparing a small quantity of 2,3,7,8-tetraehloro-
dibenzopdioxin.* The sodium salt of 2,4,5-
triehiorophenol was prepared by dissolving 1.6 g.
metallic sodium in 25 ml. absolute ethanol in a
100-ml. round-bottomed flask, adding 20 g. of
2,4,5 - triehlorophenol (Eastman "Practical
Grade," recrystallized from petroleum ether) and
distilling off the ethanol. The salt was cautiously
heated until the copious evolution of acid fumes
which took place at 200—250° C. subsided, after
which the flask was kept at 350—400° C. for
30 hours. Two zones were found in the distilling
head. The lower of these, a dense, compact mass,
had a melting point of 230—300° C. and was only
slightly soluble in chloroform. This was the crude
aenegen. The upper zone of coarse crystals soluble
in chloroform was probably a tetrachlorobenzene
formed in a competing reaction. Two batches of
the crude aenegen were combined and recrystal-
lized twice from anisole to yield 0.25 g. product.
Its synthesis is represented in Fig. 2.
Analysis. Calculated for C10H4O2C14: C, 44.76%;
H, 1.25%; Cl, 44.05%. Found: C, 44.31%; H, 1.40%;
present; at high dose level, only a few were seen,
and the follicle was filled with a keratinous mass.
(Figs. 3 and 4). There was marked thickening
of the epidermal keratin, although this was only
rarely observed on the slides, presumably because
it was lost in the cutting and processing.
The complete removal of all non-keratinized
tissue from the biopsy by pepsin digestion was
confirmed by histological section of a keratin
disc. (Fig. 10).
In general, the keratin discs recovered from
the treated animals were less fragile and thicker
than the controls. At lower dosages the follicular
keratin was usually observed as tree-like forms
representing casts of the multilobated sebaceous
glands. (Figs. 5A, 6, and 7). These follicular
projections were not present in the controls.
(Fig. SB). At higher doses the keratin in the
follicles appeared as a larger structure of smooth,
oval shape typical of comedones. (Fig. 8).
Weights of keratin recovered from the biopsy
samples are given in Tables I and 2. In Table 1
are listed average weights for the three biopsy
specimens taken from each ear. In subsequent
experiments biopsy specimens taken from the
anterior, the middle and the posterior portion
were distinguished, in an effort to assess the
importance of the site of biopsy removal with
respect to the weight of keratin recovered.
niscussion
* Following the practice of Chemical Abstracts
we describe our compound as 2,3,7,8-tetrachloro-
dibenzo-p-dioxin. From a comparison of its prepa-
ration with the mode of origin in the industrial
process discussed by Kimmig and Schulz (7) we
conclude that it is the same as their 2,3,6,7-tetra-
ehlorodibenzo-p-dioxin.
For each rabbit there was calculated a value for
the relative increase in weight, (T —
where T = average weight for the three biopsy
t Analyses by Micro-Tech Laboratories, Skokie,Ill.
e
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FIG. 2. Formation of 2,3,7,8-tetrachlorodibenzo-p-dioxin from the sodium salt of 2,4,5-trichloro-
phenol.
FIG. 3. Histological section of rabbit ear 14 days after beginning application of 2,3,7,8-tetrachloro-
dihenzo-n-dioxin in acetone; total dose 3.0 micrograms in three successive daily doses.
FIG. 4. Histological section of control ear
samples from the treated ear and C = the cor-
responding average for the control. These values
and their average for each dose level are plotted
(Fig. 9) against the dose. The averages vary
approximately linearly with the logarithm of the
dose, but individual (T — C)/C values at each
dose deviate widely. The deviation may he due,
in part, at least, to failure to secure uniform
spreading of the acnegen, in spite of the pre-
cautions taken. Loss of keratin during manipula-
tion of the samples may be another source of
deviation; however, such an error would be
expected to be most important for smallest
amounts of keratin handled (i.e. the controls).
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FIG. 7. Close-up view of the keratin disc of Fig. 6
An inspection of the control weights does not
reveal a corresponding spread of values. Further,
the probability of losing keratin was greater for
the rabbits showing greatest response, because
these tended to have some loosely adhering
scales and large comedones which might be
expressed and lost in the course of tissue removal . .FIG. 8. Profile view of keratin disc showing large
and subsequent processing; actually, therefore, comedo-shaped keratin projections.
FIG. 5. Perforated aluminum-foil cups containing keratin discs recovered from (A) ear treated with
2,3,7,8-tetraehlorodibenz-p-dioxin; (B) control. Under surface of the epidermal keratin is shown.
FIG. 6. Under surface of keratin disc recovered from aenegen-treated ear, showing the tree-like form
of the follicular keratin.
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Milligrams of Keratin per 9-mm
Biopsy Sample*
TABLE I
Recovery of keratin from ears of rabbits after
application of 0.3 micrograms 2,3,7,8-
tetrachlorodiben,zo-p-dioxin
Treated Ear Control
0.98 0.97
1.07 0.70
1.91 1.31
1.88 1.18
1.58 1.20
1.13 1.31
* Average of three samples from, respectively,
anterior, middle, posterior.
the spread of response may be larger than our
results indicate. In addition, gross observation
indicated that some rabbits gave a weaker re-
sponse than others at the same dose level. We
feel, therefore, that the values reflect a real
individual variation. Inspection of Tables 1 and
2 reveals some tendency for greater response to
occur in animals for which control values were
high, but this tendency is by no means clear-cut.
We found no correlation between intensity of
response and weight of the animal.
There appears to be no consistent difference
in the three positions, anterior, middle and
posterior, along the line of section, either for the
control or for the treated ear, with respect to
weight of keratin recovered. Average value for
keratin recovered from the controls was re-
markably constant: 1.11 0.19, 0.85 0.18,
1.02 0.26 and 1.02 0.16 mg. for the rabbits
treated with, respectively, 0.3, 1.0, 3.0 and 10.0
micrograms.
The technic developed in the present study
might be used for a comparison of aenegenicity of
various materials if the test substance is applied
to one ear, and 2,3,7 ,8-tetrachlorodibenzo-p-
dioxin to the other. Such a procedure might
avoid the complications introduced by individual
differences, and reduce the number of animals
necessary. Control values could be secured in-
dependently from untreated animals. Three
biopsy samples may not be necessary; an analysis
of the data showed that values calculated from
only one (the middle) biopsy sample were not
significantly different from those based on the
average for three.
A fairly good correlation was found between
gross observations and intensity of response as
assessed by weight of keratin, but there were
some deviations. Thus all the animals at 0.3
micrograms dose level were assessed grossly as
showing follicular dilatations. However only four
showed increase in weight of keratin. At 3.0
micrograms large comedones were observed on
four rabbits, and these showed the greatest
relative increase in weight of keratin; on one
TABLE 2
Recovery of keratin. from ears o rabbits after
application of 2,3,7,8-tetrachlorodibenzo-p-
dioxin
Rab-
bit
Milligrams of Keratin per 9-mm. Biopsy Sample
Treated Ear Control
Ante- Mid- Poste- Aver-
nor die nor age
Ante- Mid- Poste- Aver-
nor die nor age
Dose: 1 microgram
16
15
30
17
11
7
27
1.24
2.14
1.60
2.16
2.04
3.82
3.44
0.54
1.82
1.14
1.52
1.36
2.08
2.86
0.90
1.70
1.26
2.52
1.26
2.52
2.06
0.89
1.89
1.33
2.07
1.55
2.81
2.79
0.65
0.94
0.88
0.80
1.14
1.08
0.88
0.54
0.70
0.76
0.82
1.08
1.08
1.16
0.46
0.64
0.72
0.58
1.14
1.04
0.86
0.55
0.76
0.79
0.73
1.12
1.07
0.97
Dose: 3.0 micrograms
18
19
20
21
22
23
24
0.86
1.76
1.80
7.00
2.82
3.00
5.86
1.22 0.96
0.94 0.84
1.08 1.58
8.54 5.64
2.04 1.38
2.88 5.86
6.14 5.56
1.01
1.18
1.49
7.06
2.08
3.91
5.85
0.90
0.78
1.08
1.80
0.88
1.24
1.94
0.64
0.90
0.54
0.88
0.64
0.98
1.30
0.92 10.82
1.32 1.00
0.92 0.85
1.26 1.31
0.74 0.75
0.78 1.00
0.90 1.38
Dose: 10.0 micrograms
32 3.28
33 2.68
34 1.26
35 6.56
36 5.14
37 1.64
38 6.28
3.30
2.48
1.62
7.12
2.90
1.34
4.02
2.02 2.87
2.60 2.59
1.18 1.35
5.84 6.51
3.84 3.96
2.18 1.72
4.90 5.07
0.88
1.20
0.78
1.32
0.98
1.18
1.08
0.96 0.80
1.08 1.20
1.16 0.78
0.80 1.08
1.08 1.16
1.28 0.52
1.06 1.08
0.88
1.16
0.91
1.07
1.07
0.99
1.07
Rabbit
31
49
47
66
84
57
0.3
Dose,
FIG. 9. Recovery of keratin from rabbit ears treated with 2,3,7,8-tetrachlorodibenzo-p-dioxin at
various dose levels. Note logarithmic scale.
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FIG. 10. Histologic section of an acnegen-treated rabbit ear made after pepsin digestion of the biopsy
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other, comedones were observed, but the re-
sponse in terms of weight recovered was less than
for two which gave the gross impression of follicu-
lar papules.
Attention should be called to the great toxicity
of 2,3,7, S-tetrachlorodibenzo-p-dioxin. Kimmig
and Schulz (7) reported that 0.5—1.0 mg. per kg.
orally was lethal to most of their rabbits. In
our preliminary experiments a rabbit receiving
topically 0.3 micrograms in acetone, died at the
end of 24 days, and two others receiving, re-
spectively, 30 and 2 micrograms died within a
week. However, there were undoubtedly other
contributing factors, because in all animals
treated subsequently no toxic symptoms were
observed.
SUMMARY
1. Hyperkeratinization induced on the rabbit
ear by the acnegen 2,3,7, 8-tetrachlorodibenzo-
p-dioxin is studied by a new technic based on
weighing keratin recovered after careful pepsin
digestion.
2. When applied in acetone solution to the
rabbit ear, 2,3,7, S-tetrachlorodibenzo-p-dioxin
is effective at microgram levels. Effect of dose
and individual differences in response are dis-
cussed.
3. The new technic, using 2,3,7, 8-tetrachlo-
rodibenzo-p-dioxin, is suggested for comparing
acnegenicity of various substances.
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DISCUSSION
DR. PETER FLE5cH, Philadelphia, Pa.: Since
the criterion of acnegenic activity appears to be
the conversion of the sebaceous cells into keratin-
forming cells, I would like to ask, what did you
see in the histologic sections?
DR. E. LTNN JONES, (in closing): In the paper
we will have histologic sections of treated glands
and the digested keratin disc.
In regard to histology there is varying re-
sponse, depending on the amount applied. With
lower doses there is conversion of the cells in the
follicle to keratinizing squamous cells, with oc-
casional remnants of sebaceous cells in pockets
here and there. With larger doses no sebaceous
cells can be found. The entire follicle is converted
into a large keratin-filled papule.
